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': INTRODUCTION: o

"o f:‘:'

- Successful launching of the Atlas Missile requires the N

W instantaneous disconnect of all direct contact electrical g
monitoring leads. This is accomplished by triggering the .

release of cocked springs. As these springs return to their QF

rest position they push the mating cable away from the plug o

and break electrical contact. oy

o

OBJECTIVE: e

: - puat e

- "The objectives of this test request are to: o

;{ 1) Alleviate corrosion problems in umbilical connectors éﬁ

and -

X 2) To determine if lubrication is required in the :jt

¥ umbilical plug and if so, what lubricant. o

- ! S

o | .

CONCLUSIONS: o

-, LSk

- PL“-_!

- 1) There were no major corrosion problems to be o

alleviated in the umbilical connectors examined
. . under this test request.

o Minor corrosion problems (specks of rust) can be
- alleviated by a periodic application of WD-40

. Preservative 0il (Rocket Chemical Corporation, San
Diego 20, California) over all moving parts.

2) The umbilical connector does not require lubrication.
Both the cocking mechanism and the manual release
mechanisa of the plug examined under this test
request satisfied the requirements of Report No.
27-06168. '
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RECOMMENDATIONS: g._i..
PO
1) The part should be periodically sprayed with a light Tk
preservative oil such as ¥WD-40, (Rocket Chemical Corp.,
San Diego 20, California) to guard against corrosion. ,
s
2) Solder flux remaining on the electrical harness after :iﬁ
assembly should be removed with alcohol. This will e
reduce or eliminate corrosion on parts exposed to the ;i;
electrical harness. o
3) Coaxial connections should be doubly checked to pre- Sif
vent poor electrical contacts. e
4) Operators should rely on the indicator guide to deter- 5f7
mine when the plug is cocked. The indicator guide in o

Figure 1 shows the plug to be overcocked. When properly -
cocked the unpainted portion of the movable guide should
. be barely visible behind the stationary guide.

8) Plugs with bent collet leaves should be removed from
service as they no longer satisfy the Engineering
Drawing (Gray and Huleguard 562-340). They can be
detected by retracting the collet pins while )
observing the extended collets. Figure 4 shows a

- bent collet leaf which did not contract. S
- S
% el
b 6) The thickness of the electrolysed chrome plate should E&;
b be increased at the collet tip to improve wearing

| B qualities. E
- 7) The clearance between the collet and the housing “Q\
i should be examined to reduce friction at this surface. )

-

o

T
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SPECIMEN:
Part Name: Umbilical Connester
Manufacturer: Gray and Huleguard

Los Angeles 86, Calif.
Manufacturer's Part Ne.: 3582-700

Applicable Specificatien
Report Number: 27-06168

"Coanester, Elestrical,
Umbilical, Greund te
Missile, Specification fer"

Number of Specimens
Reeeived: Twe (2)

Conditien of Specimems: a. This cennecter was

physically damaged in a
drop at Peint Lema,

b. This cenneector had a
breken lanyard cable.

Figure 1 is a phetegraph of the Uubilical Conmester. The
shield assembly which is met shewn has been remeved to dis-
clese the internal mevimg parts. The shield assembdly insluded
a small window se that the iadicater gage can be observed.
The conmegter eperates inm the fellewiag manmer: when the
hexagonal nut, attached te the pinien gear is turmed; the
asme serew, keyed te the gear plate, retates. The acme mut,
preveated from retating by the six aligamest reods, meves te
the top of the plug. The cellets, attached to the asme sty
protrude past the housing. If the cecking handle, whieh is
eonnected to the ecollet pins threugh the walkiag beam, is
pulled, the collei iips may compreas ani alip iate the
reseptacle cellet imsert. Figure 2 demenstrates the relative
positiens of these parts whea the cellet pins retura te their
mormal position and leck the receptacle iam plase.

Whea the piniem gear is retated inm tie other direction, the

collets, which can no lenger retrast, draw the receptacle teo
the heusing and cempress the release springs. At this stage,
the plug is fully mated electrically and mechanically.
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A

> SPECIMEN: (CONTINUED)
2 Mechanical disconnect occurs when the collet pins are retracted.

Retraction may be induced by energizing the solenoid or by
pulling on the manual release lanyard. When the collet pins
retract; the collet tips disengage themselves from the recept-
acle tellet insert. The compressed release springs are now

O free to expand and separate the parta,
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PROCEDURE:

Torque measurements are used to describe the forc:s reguired %o
retract the collets or to cock the plug. Torque values were
taken at the hexagonal nut with a 150 inch pound torque wrench.
The accuracy of this instrument is better than + 3 inch pounds.
Tension measurementa are used to describe the foree required
to retract the collet pins. Tension measurements were taken
from the end of the walking beam with a calibrated "fish"
scale. The scale was manufactured by John Chatillon and is
designated "Guage R". It measures up to 40 pounds in 1/2
pound divisions. The length of the scale is four inches.
Reading error is a maximums of 1/2 pound. The accuracy is better
than 1 pound. The tension and torque measurements were per-
formed with the Umbilical connector locked in a horizontal
position,

1) The cable was attached to the connector before lubrication.
The hexagonal nut was rotated until the plug was fully
cocked as determined by the indicator guide. The final
torque value was recorded. The scale was placed on the
walking beam and tension increased until "disconnect”
occurred. The final tension value was recorded.

2) The effect of lubrication on the cocking mechanism was
determined by torque measurements in the unmated condi-
tion. These values were recorded at each revolution of
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the hexagonal nut. They were taken before and after P

applying a light lubricating oil, "3 in 1", (manufactured Lol

by: Boyle Midway Inc., 29 E. 40th St., N.Y.C.) to the e

pinion gear, gear plate, race bearings (located at both ixﬁ{

ends of the acme acrew), alignment rods, acme threads RIS

and the outaide of the collets.

N

3) The effect of lubrication on the release mechanism was Qi;ﬁ

determined by tension measurements in the unmated et

condition. These were performed before and after apply- bR

ing a light lubricating oil to the pivot points, the K
collet pins, and the alignment bushings. r n

0%

w»':

-

Lees

LS

i’.}\:h

s it

-

’ﬁ*l

PCENRLERP L ACAL A AEI, AN AT I 1857 BTN R B CTR TR I T E L7 S RENEIN P TR XXMM IS ,‘M.-ﬂ}“Z&T"‘ﬁﬁ




Ol S N ]

e u e
[

e%s

27 B 1061

PROCEDURE: (CONTINUED)

4)

3)

8)

7)

8)

The connecting cable was again locked into position and
torque measurements repeated. The difference betwesn
these values and those from Test 2b should cerrespond
to the force required to compresn the release springs,

Tension measurements were taken as the mated plug was
cocked to determine whether the degree of cocking affects
the release requirements.

The plug was examined for signs of corrosion which might
possibly interfere with a successful disconnect., Corre-
stow present on the collet tips was removed and tension
measurements repeated.

The plug was examined for other corrosion loci. A
second plug which had been physically damaged in a drop
at Point Loma was disassembled in order to study the
moving parts. It was now thoroughly examimed for signs
of corrosion and lubrication needs. Metallegraphie
specimens of corroded areas were examined under the
microscope.

The plug was examined for mechanical and electrical
defects which could interfere with plug perforamance.
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% RESULTS : So
t 1) The torque required te complete the cecking operation of E“::
the unlubricated plug was 60 inch pounds. This value Seles

satisfies the requirements of Astronautics Speeification .

27-08168. Paragraph 3.35.2.3.3 apescifies: A

ENGAGEMENT: Plug and receptacle engagement shall be
such that it may easily be accomplished
by hand; by one person with the use of
ordinary hand tools, . ‘

An operater using an ordinary nine inch soeket or crescent
: srench may apply 100 inch pounds of torque. This is con.
- sideradly wore terque than was required to fully cock the
) Umbilical Connector. Disconnect occurred when 22 peunds
of tension were applied at the end of the walking beam.
This value satisfies the requirements of Astronautics
Speesification 27-06188. Paragraph 3.5.2.3.2.2 apesifieu:

— - MECHANICAL RELEASE: The ferce required to ejeat the

’ o plug meehanically by meana of
the release lanyard shall not be
lesa than 23 peunds nor more than
100 pounds.

The tension value of 22 pounds as measured from the end
of the walking beam corresponds to a 35 pound feree
measured from the lanyard. Lanyard tension values could
not be directly determined because the lanyard cable was
- broken. They can be calculated from walking beam tension
values if the mechanical advantage is determined. The
mechanical advantage gained by using the walking beam
rather than the lanyard is 1.6:1. This is the inverase
ratio of their respective distances from the pivot point,
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2)

3)

RESULTS: (CONTINUED)

Lines 2 and 3 of Table I show that lubrication reduced

the initial terque values from 38 to 13; 36 to 14, and

30 to 11 inch pounds. A wide range of torque values,

from 2 to 13 inch pounds, exists in the lubriecated,
unmated condition. This indicates a variable frictiom
surface unaffeeted by lubrication. Seratehes on the
collet shank demonstrate thias type of friction surface
between the collet and the housing assembly. This
frietion surface disappears when the collets are retracted
or the release springs compressed.

Lubrication of the collet pins;, bushines, and pivot points
with "3 An 1" o0il reduces the temnsion required fer release
in the unmated condition. The tension required for release
befoere lubrication is shown on line 7 of Table I. The
tension required for release after lubrication is shown

on line 8. The effect of permaneat lubricants could not

be evaluated. This type of evaluation would require
disassembly of the connector, application of the lubricant,
and reassembly. Reassembly requires special jigs and
meghanical fixtures.
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RESULTS:  (Continued) S
4) Torque values are higher when the cable is locked in place :ﬁt
than when disconnected, i.e., 35 to 2, 36 to 2, 38 to 2, s

40 to 2, 44 to 2, and 45 to 2 inch pounds. The initial .
constant value of 20 inch pounds on line 4 of Table 1 fjl

appears to be a gross error because more¢ torque should
be required as the release springs are compressed. A
misalignment problem permits the collets to rub against N
the housing. From line 3 of the table we can see that this .-
friction surface disappears as the collets are retracted. -
W¥hen we correct for this friction surface, the difference

between lines 3 and 4, we see that the net force required

for spring compression obeys the following equatian.

F =2 2 x Number of Hexagonal Nut Rotations + S o

This equation is a restatement of Hooke's Law:
"Within the elastic limit of any body the
ratio of the stress (F) to the strain (n)

is constant (a;; F = kn"

[
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Torque values rise very rapidly wher the collets reach
their limit of travel. Forceful "bottoming out" can
strip the gears. Chipped and mangled teeth were observed
on the pinion gear. This indicates that excessive torque
was applied after the collets had reached their limit of
travel.
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RESULTS: (CONTINUED)

3) The degree to which a mated plug is cocked affscts the
tenaion required for release, Cocking corresponds. to
pushing the cable upwards in Figure 2 while restraining
the collets. The calle catch presses the collet inte
the collet pin and increases the frietion surface.
Movement at this friction surface becomes wmore diffi-

I cult as the release springs are compressed and almoat

imposs.ole if the plug is evercocked,

| A U

v v .
ale

o
D)

-’.‘.
o
-

a,

.
‘
o,

oAy Ay *y

s ST WY Ky 1RF T T
N - ..
4

(
AR A

.,
DN

L, % 4 et S

. ,

)

-
®

6) The emcircled area on Figure 2 is subjeet to the greatest

strain because the cable scateh digs iante the cellet when s
the release springs are compressed. Figure 3 is a photo- N,
micrograph of this portion of the celliet. It shows the Qﬁ_,
damaged ehrome finish and correded base metal. Buffimg t*i'
. this por-tion of the ecellet tip had no measurable effeet A
. on the tensien requirements. Cellet tips with a thicker ‘-.r
. chrome finish sheuld better withstand the abrasive R
. effects of repeated mating cycles. Hew well the thigker e
coating can withstand the excessive lecalized forses S
g asseciated with oversecking is pure ceajecture. The RSN
= collet tip was the enly area of cerresion, visible oa (TN

the assembled plug, which might pessibly interfere with
a suecessful discommect.
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RESULTS: (CONTINUED)
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There were minute areas of corresion on both of the plugs
which were examined. There was however only one spot of
rust which sight possibly interfere with the suecessful
eperation of the plug. This area was on the raece bearing
located beneath the gear plate. Complete disassembly was
required before this area sould be examined. Rust would
net be present if the bearing had been kept adequately
lubricated. The lack of lubrication on a cencealed mov- -
ing part cannot be tolerated on a critical assembly as h
dry bearings tend to freese.

Type 111 cadmiums plated springs showed the typieal chro- 5fj{
mate colared corresion preduct. Speeks of rust were pre- SRR
sent on several retainers and on the Acme nut itself. t{bﬁ
General mild ecerresion of this type, though not detrimental r}ﬁu
to plug operation, can be limited by applying light pre~ R

servative oils such as WD-40,

Corrosion was also evident on areas surrounding the elec-
trical harness. It takes the form of small localised
deposits. Speecks of soldsr rosin are also evideat and
many of these eceincide with cerrosion loci,

Polished metallographic specimens were examined under
the micrescope. They revealed little but mild surfase
cerresion.

11

N :'i"'ﬁ

3




27 E 1061 v
'.’__{‘
s -
T ol
Lr‘.:
RESULTS: (CONTINUED) g_k;
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.
8) A coaxial conneetion te a "canon" plug was not secured. ‘HN

Although the shielding was exposed, the fitting which

assures positive electrical contact was not tightened. ijE
This type of electrenic wiring defeet can seriously e
affeet the reliability of an important monitoring i?i
cireuit. Some cellet leaves are bent. Figure 4 shows }3?
hew a bent collet leaf appears when viewed head on. s

W7

v
» A

Af: N OTE: The test data from which this report has been pre-
;i pared are recorded in Astronautics Engimeering
Netebeok 7852 pages 34-60, 63-89, 115 and 116,
- i{.
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Collets which have bent leaves no lenger satisfy the

Grey and Huleguard Engineering Drawing P/N 562-340. ey
Collet tips which fail to contraect when the coliet pin S
is retracted can interfere with a successful discemnect. .
A collet cannot rapidly extricate itself from the cable o~
if one of its leaves hang up. -
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PHOTO INDEX

Title

Umbilical Connector With Shield
Assembly Removed

Collet Tip at the Mating Surface
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BENT COLLET LEAF (TOP VIEW)
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